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Process for Manufa cturing (ali-rflcVtt-Tocopherol 

The present invention is concerned with a novel process for the manufacture of (all- 
rac)- cx-tocopherol by the acid -catalyzed reaction of trimethylhydroquinone (TMHQ) with 
isophytol (IP) or phytol (PH) in a solvent. As is known, (all-mc)-a-tocopherol (or as it has 
mostly been denoted in the prior art, "dj-a-tocopherol") is a diastereoisomeric mixture of 
2,5,7,8-tetramethyl-2-(4^8\12 , -trirnethyl-tridecyl)-6-chrornanol (a-tocopherol). which is 
the most active and industrially most important member of the vitamin E group. 

Many processes for the manufacture of "d.Kx-tocopheroP (referred to as such in the 
literature reviewed hereinafter) by the reaction of TMHQ with IP or PH in the presence of 
a catalyst or catalyst system and i n a solvent or solvent system are described in the 
literature. These processes go back to the work of Karrer et al., Bergel et al. as well as Smith 
et al. [see Helv. Chim. Acta 2A 520 et seq. (1938), Nature 142, 36 et seq. (1938) and, 
respectively, Science £&, 37 et seq. (1938) and J. Am. Chem. Soc. 61, 2615 et seq. (1939)]. 
While Karrer et al. carried out the synthesis of d,l-a-tocopherol from TMHQ and phytyl 
bromide in the presence of anhydrous zinc chloride (ZnCl 2 ; a Lewis acid), not only Bergel 
et al. but also Smith et al. used TMHQ and PH as starting materials. In the following years 
mainly modifications, e.g. alternative solvents and Lewis acids, were developed. From the 
work of Karrer et al. there was developed in the year 1941 a technically interesting process 
for the manufacture of d,l-«x-tocopherol which was based on the reaction of TMHQ with 
IP in the presence of the catalyst system ZnCU/hydrochloric acid (HC1) (US Patent 2 411 
969). Later publications, e.g. Japanese Patent Publications (Kokai) 54380/1985, 64977/1985 
and 226979/1987 [Chemical Abstracts (C.A.) 1Q2, 123731s ( 1985), C.A. JS&, 104799d 
(1985) and, respectively, C.A. 110, 39217r (1989)], describe this reaction in the presence of 
2inc and/or ZnCLi and a Bronsted (protonic) acid, such as a hydrohalic acid, e.g. HQ, 
trichloroacetic acid, acetic acid and the like, especially ZnCfe/HCl, as the catalyst system. 
Disadvantages of these and further published processes featuring ZnCl 2 in combination 
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with a Bronsted acid arc the corrosive properties of the acids and the contamination of the 
waste water with zinc ions as a result of the large amount of ZnCl 2 required for the 
catalysis. 

The manufacture of d,l-a-tocopherol by the reaction of TMHQ with phytyl chloride, 
5 PH or IP in the presence of boron trifluoride (BF 3 ) or its etherate (BF*Et 2 0) is described 
in German Patents 960720 and 1015446 as well as in US Patent 3 444 213. However BF 3 
too has corrosive properties. 

Also, the reaction of TMHQ with IP or PH in the presence of a Lewis acid, e.g. 
ZnCl 2 , BF 3 or aluminium trichloride (AlCU). a strong acid, eg. HO, and an amine salt as 
10 the catalyst system is described in European Patent Publication (EP) 100471. In an earlier 
patent publication, DOS 2606830, the IP or PH is pretreated with ammonia or an amine 
before the reaction with TMHQ in the presence of ZnCl 2 and an acid is effected. In both 
cases corrosion problems occur. 

A further interesting method for the manufacture of d,l-CX-tocopherol from TMHQ 
15 and IP comprises using an isolated TMHQ-BF 3 or -AlCfe complex and a solvent mixture 
featuring a nitro compound (DOS 1909164). This process avoids to a large extent the 
formation of undesired by-products because it involves mild reaction conditions. The 
yield of d,l-K-tocopherol, based on IP and the use of the solvent mixture methylene 
chloride/nitro-methane, is given as 77%. However, the use of such a solvent mixture is 
20 disadvantageous. 

The manufacture of d,l-oc-tocopherol by the reaction of TMHQ with IP using cation 
exchange resin complexes of metal ions (Zn 2+ , Sn 2 ^ and Sn 4+ ) is disclosed in Bull. Chem. 
Soc. Japan 5Q, 2477-2478 (1977); amongst other disadvantages it gives the product in 
unsatisfactory yields. 

The use of macroreticular ion exchangers, e.g. Amberlyst® 15, as the catalyst for the 
reaction of TMHQ with IP is described in US Patent 3459773. However, the d4-a- 
tocopherol could not be obtained in the requisite purity. 

EP 603695 describes the manufacture of dJ-OC-tocopherol in liquid or supercritical 
carbon dioxide by the reaction of TMHQ with IP or PH in the presence of acidic catalysts, 
30 such as ZnCVHCl and ion exchangers. The reported yields are unsatisfactory. 

The reaction in the presence of a catalyst system which consists of iron(II) chloride, 
metallic iron and HQ gas or aqueous solution is described in DOS 2160103 and US Patent 
3789086. The formation of less by-products is advantageous compared with the afore- 
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mentioned process using ZnCWHCl. However, corrosion problems and chloride 
contamination are equally disadvantageous. 

An interesting alternative for the reaction of TMHQ with IP to d>l-«-tocopherol 
comprises using trifluoro acetic acid or its anhydride as the catalyst (EP 12824). Although 
5 in this process the avoidance of HC1 is achieved, the catalyst is relatively expensive. 

The use of the heteropoly acid 12-tungstophosphoric or 12-tungstosilicic acid as the 
catalyst for the reaction of TMHQ with IP was described for the first time in React. Kinet. 
Catal. Lett. 47(1), 59-64 (1992). d,l-a-Tocopherol could be obtained, using various 
solvents, in about 90% yield. 

10 A further process described in the literature [EP 658552; Bull. Chem. Soc. Japan £g> 

3569-3571 (1995)] for the synthesis of d,l-a-tocopherol is based on the use of a various 
lanthanide trifluoromethanesulphonates (triflates) , e.g. scandium trifluorornethane- 
sulphonate, as the catalyst for the reaction. With up to about 10% excess of IP this process 
gives yields up to 98%. •. i 

15 The use of ion-exchanged bentonite, montmorillonite or saponite through treatment 

with e.g. scandium chloride and other metal salts (yttrium, lanthanum, etc.) as the catalyst 
for the reaction of TMHQ with IP or PH has as a disadvantage the need for a large amount 
of catalyst [EP 677520; Bull. Chem. Soc. Japan £2, 137-139 (1996)1- 

According to the Examples of EP 694541 the reaction of TMHQ with IP to 0£- 
20 tocopherol can be achieved in high yields and with a high product purity when such 
solvents as carbonate esters, fatty acid esters and certain mixed solvent systems are 
employed, the exemplified catalysis being effected by ZnCl 2 /HCl- Disadvantages in this 
process are, in addition to the contamination of the waste water by zinc ions, the usual 
large "catalyst amount" of ZnChused. 

25 According to WO 97/28151 the acid-catalysed reaction of TMHQ with IP can be 

performed in a cyclic carbonate or a-lactone as the solvent. The preferred catalyst is a 
mixture of orthoboric acid and oxalic, tartaric or citric acid, or boron trifluoride etherate. 

In EP 784042 there is described the use of hydrogen bis(oxalato)borate as a protonic 
acid catalyst in various condensation reactions, e.g. Friedel-Crafts condensations, 
30 including the acid-catalysed reaction of TMHQ with IP to produce d,l-«-tocopherol. 

WO 98/21 197 describes the manufacture of d,l-0t-tocopherol from TMHQ and IP 
using bis(trifluoromethylsulphonyl)imide or a metal salt thereof optionally together with a 
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strong Bronsted acid, as catalyst in such types of aprotic solvents as aliphatic and cyclic 
ketones or esters, and aromatic hydrocarbons. 

Using the same kind of bis(trifluoromethylsulphonyl)imide catalyst it has been 
shown in EP 1000940 that the dl-OC-tocopherol manufacturing process can also be realized 
5 in supercritical carbon dioxide or nitrous oxide as the solvent 

From the forgoing review it is evident that most of the previously known processes 
have considerable disadvantages. Thus, corrosion problems occur in all processes in which 
such acid catalysts as boron trifluoride are used. Toxicity problems with the boron 
trifiuoride adducts also occur, and when iron or zinc is U3ed there is a contamination of 
10 the waste water with the metal ions which is today no longer acceptable. In some processes 
the formation of undesired by-products, e.g. phytyltoluene and chlorophytols, is an 
especially serious problem. In most cases the yields are unsatisfactory. 

The object of the present invention is to provide a process for the manufacture of 
(all-rac)-OC-tocopherol by the reaction of trimethylhydroquinone with isophytol or phytol 

15 in the presence of a catalyst and in a solvent which does not have the disadvantages of 
previously known procedures. In this respect, it is necessary that the catalyst used has no, 
or at least a much reduced, corrosive action, is non-toxic, does not contaminate the 
environment, e.g. with chlorinated by-products or heavy metal ions, and catalyzes the 
desired reaction as selectively as possible and in high yields- Furthermore, the catalyst 

20 should display its activity in small, really catalytic, amounts and should be readily 
separable and re-usable several times. 

This object of the present invention is achieved by carrying out the reaction of 
trimethylhydroquinone with isophytol or phytol in the presence of hydrogen tris- 
(oxalato)phosphate as the catalyst in an organic solvent. 

25 The reaction itself is represented in the following Reaction Scheme, showing the 

reaction with IP only: 



Reaction Scheme 




isopbyrol 
ifimeihylhydToquinone 



catalyst I -HjO 




(all- roc) -ct-tocopherol 



Accordingly, the process in accordance with the present invention for the manufacture of 
(all-rac)-cc-tocopherol by the catalyzed reaction of trixnethylhydroquinone with isophytoi 
or phytol is characterized by carrying out the reaction in the presence of hydrogen 
txis(oxalato)phosphate as the catalyst in an organic solvent. 

The catalyst, which has the following formula 



o 




has not been previously disclosed. It can be produced very simply by reacting phosphorus 
pentachloride with oxalic acid in an aprotic organic solvent, whereby the hydrogen 
chloride gas generated in the reaction is removed from the reaction mixture. This reaction 
is represented by the equation: 



PC1 5 + 3 (COOHh — > [P"(C 2 0 4 ) 3 ] H + + 5 HQ 



The oxalic acid should be as anhydrous as possible; if necessary, it should be pre- 
dried by treatment with a desiccating agent, e.g. according to well-known procedures. The 
reaction for producing hydrogen tris(oxalato)phos P hate can be effected in practice either 
by adding the phosphorus pentachloride to the oxalic acid in the solvent or by adding the 
oxalic acid to the phosphorus pentachloride in the solvent, the addition in each case being 
portionwise. As the aprotic organic solvent there is suitably used a lower aliphatic mono- 
or diether, e.g. diethyl ether or, respectively, dimethoxyethane; a cyclic ether, e.g. 
tetrahydrofuran; a lower dialkyl carbonate, e g. dimethyl or diethyl carbonate; an alkylene 
carbonate, e.g. ethylene or propylene carbonate; a CWalkane; an aromatic hydrocarbon, 
e.g. benzene or toluene; a partially or per-halogenated aliphatic or aromatic hydrocarbon; 
or a mixture of two or more of the aforementioned aprotic organic solvents. Depending 
on the solvation potential of the employed solvent both the reactants will be at least 
partially dissolved therein or present in suspension therein, e.g. in the latter case when a 
hydrocarbon is used as the solvent. The reaction to produce the hydrogen tris(oxalato) 
phosphate is conveniently effected in the temperature range from about -2CTC to about 
+120°C, preferably at temperatures from about O'C to about 100°C The molar ratio of the 
oxalic acid to the phosphorus pentachloride is suitably 3 : 1 (equivalent proportions) or 
slighdy higher, i.e where the oxalic acid is in slight excess. Conveniently, no more than 
about 5% excess of oxalic acid is employed. During the reaction hydrogen chloride gas is 
continuously generated, and its efficient separation from the reaction mixture can be 
promoted in various ways, e.g. by "stripping" on continuous passage of an inert gas, e.g. 
nitrogen or argon, through the mixture, by effecting the reaction under reduced pressure 
or with continuous distillaove removal of solvent from the mixture, by heating the mixture 
on termination of the reaction under reflux, or by a combmation of two or more of such 
process measures. In certain cases, e.g. on using diethyl ether as the solvent, the generated 
hydrogen chloride can also be removed by hquid/liquid separation: in such a case the 
reaction mixture forms into two liquid phases, i.e. a lower, denser phase containing the 
desired hydrogen tris(oxalato)phosphate in the form of its ether complex with very little 
hydrogen chloride, and an upper, less dense phase in which the hydrogen chloride 
accumulates and in which, due to the poor solubility of the product in ether, hardly any 
product is present. The upper phase can be removed from the lower phase, and the latter 
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extracted one or more times with ether to remove any hydrogen chloride present. The 
remaining oily phase, consisting largely of the hydrogen tris(oxalato)phosphate diethyl 
etherate adduct (particularly of the formula [p-(C20 4 ) 3 l H% 4 (C 2 H s )jO ), can then be 
subjected to reduced pressure drying at room temperature for several minutes to remove 
5 unbound ether solvent and at least some of the bound ether, if desired, whereby the oil 
transforms to a crystalline solid. The exact composition of the adduct depends on the 
conditions of drying in each case. A typical adduct with diethyl ether features on average 
about 2 molecules of diethyl ether per molecule of hydrogen tris(oxalato)phosphate. 

Depending on various factors, such as the batch weights, the rate of reactant 
10 addition, the employed solvent and the reaction temperature, the actual reaction to 

produce hydrogen tris(oxalato)phosphate is normally complete within several minutes to a 
few hours. 

The catalyst can be used in the process in accordance with the present invention 
without purification, and for example can be used despite containing some solvent 

15 remaining from its preparation. Indeed, it may even be added in solution, for example in 
an aliphatic ether or a dialkyl or alkylene carbonate, for example the solvent in which the 
catalyst was prepared. Moreover, it may be used as its adduct with a solvent, particularly 
an aliphatic ether, such as diethyl ether, e.g as the solid adduct of the aforementioned 
formula [P" (C 2 0 4 )3] H*'« 4 (C 2 H 5 ) 2 0 or further adducts with diethyl ether, e.g., and 

20 preferably, the one featuring on average about 2 molecules of diethyl ether per molecule of 
hydrogen tris(oxalato)phosphate. Such adducts with diethyl ether are preferred forms of 
the catalyst for use in the process of the present invention. 

In respect of the process for manufacturing (all-rac)-OC-tocopherol in accordance 
with the present invention it has been surprisingly found that as a result of the use of the 

25 catalyst hydrogen tris(oxalato)phosphate, which is a Bronsted acid, only small amounts of 
the undesirable by-products phytadienes are formed, although it is known from the 
chemical literature that alcohols, in particular allylic alcohols (e.g. IP or PH), easily 
dehydrate in the presence of acids. Other advantages of the new catalyst are its easy and 
cheap preparation, and the absence of heavy metals and sulfor- and fluorine-containing 

30 compounds in the process. 

Solvents which can be used in the scope of the present invention are polar aprotic 
and non-polar organic solvents. Suitable classes of polar aprotic organic solvents include 
aliphatic and cyclic ketones, e.g. diethyl ketone and isobutyl methyl ketone and, 
respectively, cyclopentanone and isophorone; cyclic esters, e.g Y-butyrolactone; and dialkyl 
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and alkylene carbonates, e.g. dimethyl carbonate and diethyl carbonate, and respectively, 
ethylene carbonate and propylene carbonate. As suitable classes of non-polar organic 
solvents there may be mentioned aliphatic hydrocarbons, e.g. hexane, heptane and octane, 
and aromatic hydrocarbons, e.g. benzene, toluene and the xylenes. Mixtures of two or 
5 more of each type of solvent can he used. The reaction can be effected in a single solvent 
phase, especially in a polar aprotic organic solvent, e.g. in y-butyrolactone or propylene 
carbonate, alone as the solvent, or in a biphasic solvent system, especially one consisting of 
a polar aprotic organic solvent, e.g. ethylene and/or propylene carbonate, as the one phase 
and a non-polar organic solvent, e.g. heptane, as the other phase. 

10 The process is conveniently effected at temperatures from about 50°C to about 

150°C, preferably from about 90°C to about 125»C, and most preferably from about 105°C 
to about 120°C. 

Furthermore, the molar ratio of trimethylhydroquinoneto isophytol/phytol present 
in the reaction mixture conveniently extends from about 1 : 1 to about 2.5 : 1, preferably 
15 from about 1.5 : 1 to about 2.2 : 1, and is most preferably about 2:1. 

The amount of catalyst used is such that the molar ratio of catalyst to the educt 
(trimethylhydroquinone or isophytol/phytol) which is in the lesser molar amount (usually 
the isophytol or phytol rather than the trimethylhydroquinone) is conveniently about 
0 005 : 100 to about 4 : 100, i-e. the amount of catalyst is conveniendy from about 0.005 

20 mole % to about 4 mole % of the amount of educt in the lesser molar amount. In this 
information the expression "amount of catalyst" is to be understood as referring to the 
weight of pure hydrogen tris(oxalato)phosphate, i.e. of the formula [P" (C 2 0 4 )j] H*. 
present, even though the catalyst may be impure and/or in the form of an adduct with a 
solvent, e.g . diethyl ether. 

25 Conveniently about 10 - 100 ml, preferably about 20 - 40 ml, of organic solvent are 

used per 10 mmol of isophytol or phytol, whichever is employed. 

If the process is carried out in in a biphasic solvent system, especially one consisting 
of a polar aprotic organic solvent, e.g. an alkylene carbonate such as ethylene or propylene 
carbonate, and a non-polar organic solvent, e.g. an aliphatic hydrocarbon such as heptane, 
30 then the volume ratio of the non-polar solvent to the polar solvent is conveniently in the 
range from about 0.3 : 1 to about 5:1, preferably from about 1 : 1 to about 5 : 2. 

Moreover, the process is conveniently carried out under an inert gas atmosphere, 
preferably gaseous nitrogen or argon. 
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The actual reaction generally lasts for about 0-2 to about 20 hours, preferably about 
0.5 to about 1 hour. 

The process in accordance with the invention can be carried out batchwise or 
continuously, preferably continuously, and in general operationally in a very simple 

5 manner, for example by adding isophytol or phytol, as such or in solution, portionwise to 
a suspension or solution of the trimethylhydroquinone and the catalyst. The rate at which 
the isophytol or phytol is added is not critical. Conveniently, isophytol/phytol is added 
continuously over a period of about 3 minutes to about 3 hours, preferably about 5 
minutes to about 1.5 hours. After completion of the isophytol/phytol addition and an 

10 appropriate subsequent reaction period the working-up is effected by procedures 
conventionally used in organic chemistry. 

If desired, the obtained (all-rac)-tf-tocopherol can be converted into its acetate, 
succinate, poly(oxyethylene)$uccinate, nicotinate and further known application forms by 
standard procedures. 

15 The process in accordance with the invention enables the catalyst used to be 

separated readily and to be reused several times. 

Advantages in the use of the catalyst in the process in accordance with the invention 
are, in addition to high yields of (all- rftf)-<X- tocopherol, the avoidance of corrosion, the 
avoidance of waste water contamination with heavy metal ions, the high selectivity as well 

20 as the enabled ready isolation of the produced (all-rac)-(X-tocopherol from the mixture 
after reaction. Furthermore, the amount of dehydration products, so-called phytadienes, 
which tend to result from the action of acids on allylic alcohols such as isophytol and 
phytol, is kept to an acceptable minimum in the process of the present invention, as also 
the amount of furane derivatives which tend to be produced as by-products in dl-«- 

25 tocopherol manufacture [see, for example, Bull. Chem. Soc. Japan 68* 3569-3571 (1995)]. 

The process in accordance with the invention is illustrated by the following 
Examples (2-4; the first example, Example 1> serves to illustrate the production of the 
previously undisclosed catalyst, hydrogen tris(oxalato)phosphate): 

Example 1 

30 Preparation of Hydrogen tris(oxalato)phospha te (Qatalygt) 
Procedure (a): 

In a 500 ml three-necked reaction flask 52.95 g (588 mmol: 3% excess quantity) of 
oxalic acid were dissolved in 300 ml of diethyl ether. The ethereal solution of oxalic acid 
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was treated portionwise within 5 minutes with 39.59 g ( 190.2 mmol) of phosphorus 
pentachloride from a dropping funnel, during which addition the reaction mixture 
warmed up to the reflux temperature. After completion of the phosphorus pentachloride 
addition the reaction mixture was held at re! lux temperature for 2 hours, during which 
altogether 6.5 1 (approx. 270 mmol, being approx 28% of the theoretical amount) of 
hydrogen chloride gas had been generated a: id removed. 

The mixture was then allowed to cool :o room temperature. From the resulting two- 
phase fluid the upper phase was separated oif and the lower phase washed four times with 
200 ml of diethyl ether in each case. An analysis of the initially removed upper phase and 
the four ethereal washings (upper phases) indicated that the acid content, initially 3.90 
mmol/g (total 720 mmol), became rapidly less with each washing (finally, in the fourth 
ethereal washing, 0.061 mmol/g, total 8 mm >I). 



30 



The remaining lower phase was e 
final bath temperature of 70°C, affording a 
hydrogen tris(oxalato)phosphate in the form 



vapofated to dryness under reduced pressure, at a 
f nely crystalline white solid, being the desired 
of an adduct with diethyl ether. 



Procedure fb"): 

In a 1 1 four-necked reaction flask fitted with an intensive condenser, a 
thermoelement, a KPG stirrer and a heating mantle 158.9 g (1.764 mol) of dried oxalic acid 
dissolved in 490 g (700 ml) of diethyl ether vrere treated portionwise within 20 minutes 
with 118.8 g (0.572.mol) of phosphorus pentachloride from a dropping funnel. During the 
addition the reaction mixture warmed up to the reflux temperature (36°C) with relatively 



After completion of the phosphorus 
was held at reflux temperature for 140 



strong generation of gas (hydrogen chloride; 
pentachloride addition the reaction mixture 
minutes, during which altogether 17.0 1 (approx. 0.688 mol, being approx. 14% of the 
theoretical amount) of hydrogen chloride gas had been generated. 



The mixture was then allowed to cool 



:o room temperature. From the resulting two- 



phase fluid the upper phase was separated oif and the lower phase, containing the desired 
product, was washed five times with about 1 20 g of diethyl ether in each case. As in the 
previous procedure the analysis of the initially removed upper phase and the ethereal 
washings indicated that the acid content became rapidly less from the initially removed 
phase to the last ethereal washing phase. 

The remaining lower phase, an oil, wai; analysed by C S D 6 spectroscopy, from which it 
was established that it consisted principally of a diethyl ether adduct of hydrogen 



tris(oxalato)-phosphate featuring about fou 
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the oily hydrogen tris(oxalato)phosphate-diethyl ether adduct was dried under reduced 



(QH 5 )20 units per molecule. About 20 ml of 
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pressure at room temperature for 10 minute Within a short time the oil was observed to . 
solidify, the resulting solid weighing 17.7 g, Drying was continued for a further 3 hours at 



room temperature and 2 hours at 45 - 50°C, 



after which the weight remained constant at 



14.1 g. The weight loss corresponded with the removal of one mole of diethyl ether per 
mole of hydrogen tris(oxalato)phosphate. The product consisted of finely crystalline 
hydrogen tris(oxalato)phosphate in the form of its adduct with diethyl ether, of which the 
analysis indicated a phosphorus (P) content of 2 J mmol per gram, 

Exainple 2 



case * 



7.56 g (49.5 mmol) of trimethylhydr 
solvent or solvent mixture, whereby in the 
diethyl ketone or propylene carbonate, 50 m 
solvent mixture of an alkylene carbonate, Le 
aliphatic hydrocarbon, Le. heptane, 50 ml gf 
about 1.0 mole % (based on the amount of i 
tris(oxalato) phosphate in the form of its 
ether per molecule was added. Then the 
of 50 - 150 9 C, and 10 g (11.9 ml; 33 mmol) 
mixture over a period of about 20 minutes 
reaction mixture was stirred under argon foi 
and monitored by thin layer chromatography 
the establishment of completed conversion 
recovered from the reaction mixture by coo 
(if appropriate) and distilling off the solvent 



ocjuinone were suspended in the employed 
of a single solvent, i.e. Y~butyrolactone, 
of such solvent were used, and the case of a 
ethylene and/or propylene carbonate, and an 
each were used. Thereafter, about 0-5 or 
l iophytol used) of the catalyst hydrogen 
adc uct with an estimated 3.3 molecules of diethyl 
mix;ure was heated to a temperature in the range 
qf isophytol were added portionwise to the 

an argon atmosphere- Subsequently, the 
a further 30 minutes at reflux temperature 
to follow the progress of the reaction. After 
(all-rtfc)-a-tocopherol this product was 
ing it to about 60 - 80°C, separating the phases 
under reduced pressure. 



uinder : 



to 



25 chromatographic retention times with those 



Unambiguous identification of the pre duct was effected by comparison of gas 



of an authentic sample. 



The results are presented in the following Table 1. 
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Ti ble 1 



ttgnilto of the ass of the catal yst hydrogen tr sf oxalatobhosphate in the manufacture of 



(all -rflcVa-tncopherol us <"p various solvent; 



Amount 
Catalyst 
(nig) 



50 

53 

52.5 

48.5 

55.5 

104 



Solvent 
(ml used) 



Ethylene carbonate/hepjane (50/50) 
Propylene carbonate/heptane (50/50) 
Jeffsol®/heptane (bo/50) 
Y-Butyrolactond (50) 
Diethyl ketone 1 50) 
Propylene carbondte (50) 



Yield 



92.4% 
86.2% 
88.9% 
80.7% 
60.0% 
74.7% 



Jeffsol® is a 1 : 1 mixture of ethylene carbonite and propylene carbonate, commercially 
available from Huntsman Corp., PO Box 15^30. Austin, Texas 7S761, USA / Antwerp 
2030, Belgium. 

Exajnple 3 

io The procedure of Example 2 was repeLd with the differences that various mole % 

amounts of catalyst were used (based on thdamount of isophytol used), and the solvent 
was in all cases the biphasic solvent system ^0 ml of Jeffsof and 50 ml of heptane. The 
results are presented in the following Table : 



ll 8 ^ 1 : 20011 
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Table 2 

Beaalts nf the us^ flfjhs catalyst h jskagai trisf oxalato^Whatf in ths manufacture of 

{all-mrVa-toe n pWnl using various amount? of Cataly ii 



Amount 


Yield 


Catalyst 




(mg) 




20 


90.6 % 


50.5 


88.5% 


52.5 


88.9% 


55 


88.7% 


108.8 


85.9% 



Example 4 

The procedure of Example 2 was in principle repeated whereby various mole % 
amounts of catalyst and various biphasic solvent systems were used under variation also o 
the time of addition of the isophytol (IP). The results are presented in the Mowing Table 
3. 

Table 3 
Influence of IP addition time 



Amount 
Catalyst 
(mg) 


Solvent 

(all 50ml/50ml 

biphasic systems) 


IP addition 
time (min.) 


Yield (%) 


42.1 


Ethylene 

carb onate/hep tan e 


20 


89.0 


50.0 


Ethylene 

carb onate/heptane 


10 


92.4 


53.0 


Propylene 
carbonate/heptane 


20 


86.2 
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50.0 


Jefifsol®/heptane 


120 


72.6 


51.5 


Jeffeol®/heptane 


40 


85.3 


55.0 


Jeflfeol®/heptane 


20 


88.7 


50.5 


Jeffsol®/heptane 


10 


88.5 


47.6 


Jeffsol®/heptane 


5 


84.3 
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Claims 



1. A process for the manufacture of (all-rac)-a-tocopherol by the catalyzed reaction 
of trimethylhydroquinone with isophytol or phytol characterized by carrying out the 

5 reaction in the presence of hydrogen tris(oxalato)phosphate as the catalyst in an organic 
solvent. 

2. A process according to claim 1 , wherein the catalyst hydrogen tris(oxalato)- 
phosphate is used as its adduct with a solvent, particularly an aliphatic ether, preferably 
diethyl ether, or is added in solution, particularly in an aliphatic ether or a dialkyl or 

10 alkylene carbonate, for example the solvent in which the catalyst was prepared. 

3. A process according to claim 1 or 2, wherein an aliphatic or cyclic ketone, a cyclic 
ester, a dialkyl or alkylene carbonate, or an aliphatic or aromatic hydrocarbon, or a 
mixture of two or more of such solvents, is used as the organic solvent in which the 
reaction for the manufacture of (all-rac)-a-tocopherol is carried out. 

15 4. A process according to claim 3, wherein the solvent is diethyl ketone, isobutyi 

methyl ketone, cyclopentanone, isophorone, y-butyrolactone, dimethyl carbonate, diethyl 
carbonate, ethylene carbonate, propylene carbonate, hexane, heptane, octane, benzene, 
toluene or an xylene, or a mixture of two or more of such solvents. 

5. A process according to any one of claims 1 to 4, wherein the reaction is carried 
20 out in a biphasic solvent system, preferably in ethylene and/or propylene carbonate as the 

one phase and heptane as the other phase. 

6. A process according to any one of claims 1 to 5, wherein the amount of hydrogen 
tris(oxalato)phosphate used as the catalyst is from about 0.005 mole % to about 4 mole % 
based on the amount of trimethylhydroquinone or isophytol/phytol, which is in the lesser 

25 molar amount. 

7. A process according to any one of claims 1 to 6, wherein about 10 - 100 ml, 
preferably about 20 - 40 ml, of organic solvent are used per 10 mmol of isophytol or 
phytol, whichever is employed. 

8. A process according to any one of claims 1 to 7, wherein the reaction is effected a 
30 temperatures from about 50<>C to about 150<>C, preferably from about 90°C to about 

125°C, most preferably from about 105°C to about 120°C. 
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9. A process according to any one of claims 1 to 8, wherein the molar ratio of 
trimethyihydroquinone to isophytol/phytol present in the reaction mixture extends from 
about 1 : 1 to about 2.5 : 1, preferably from about 1.5 : 1 to about 2.2 : 1, and is most 
preferably about 2:1. 

10. A process according to any one of claims 1 to 9, wherein isophytol or phytol, as 
such or in solution, is added portionwise to a suspension or solution of the 
trimethyihydroquinone and the catalyst. 

1 1. A process according to any one of claims 1 to 10, wherein the process is carried 
out in a continuous manner. 



10 



